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Preface

This report was prepared as part of the Monitoring of Completed Coastal
Projects Program (MCCP) at the U.S. Army Engineer Waterways Experiment
Station (WES). Work was carried out under Work Unit 22121, "Periodic
Inspections.” Ms. Carolyn M. Holmes, WES Ccastal Engineering Research
Center (CERC), is Program Manager of the MCCP and Messrs. John H.
Lockhart, Jr., John G. Housley, and Barry W. Holliday, Headquarters, U.S.
Army Corps of Engineers, are the Technical Monitors.

This report is the first in what will be a series of reports tracking the long-
term structural response of the Kahului breakwaters, Kahului Harbor, Maut,
Hawaii, and Laupahoehoe breakwater, Laupahoehoe Boat Launching Facility,
Hawaii, Hawaii, 1o their environment. The information contained in this
report was gathered from land and aerial survey data ohtainad hy R M.
Towill Corporation, Oahu, Hawaii, under contract to the U.S. Army Engineer
Division, Pacific Ocean (POD), from ground surveys conducted by the
Surveying Branch of POD, and trom walking inspections of the structures by
Messrs. Dennis G. Markle, Jeffrey A. Melby, and George F. Turk, CERC,
and Mr. Stanley J. Bo¢, POD.

This work was conducted during the period February 1990 through
April 1993 under the general supervision of Dr. James R. Houston, Director,
CERC, and Mr. Charles C. Calhoun, Jr., Assistant Director, CERC; and
under the direct supervision of Mr, C. E. Chatham, Chief, Wave Dynamics
Division, CERC. This report was prepared by Messrs. Markle and Boc.

Director of WES during publication of this rcport was Dr. Robert W.
Whalin. Commander was COL Bruce K. Howard, EN,

The contents of this report are noi 1o be used for advernsing, publicazon,
or promotionul purposes. Chiasion of irade names does not constinsse an official
endorscmens or approval of the use of such commercial products.




Conversion Factors, Non-Si
to Sl Units of Measurement

Non-SI units of measurement used in this report can be converted to Sl units

as follows:
Muttiply 8y Yo Obtain J
3
feat 0.3048 meters
L .
miles (U.S. statute) 1.609347 kiiometers
L'tons (torce) 8.896444 kilonewtons
..... 254 centimeters

pounds (force)
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1 Introductior.

Background

Under the Periodic Inspections work unit, sclected past Monitoring of

Completed Coastal Project (MCCP) structures, and/or structures with unique

design aspects that have probable applications to other projects, are considered

for inclusion in a periodic monitoring program. Selected sites are presented
| as candidates for development of a periodic monitoring plan. Those sites
receiving favorable response during MCCP program review are iuspected and
a monitoring plan is developed and presented for approval. Cince the
moniioning piain {07 a siie is approved and funds are provided, the site iy
reinspected on a periodic basis (frequency of surveys are set based on a
balance of need and funding for each monitoring site) to obtain long-term
structural performance data.

Monitering Approach

Primary inspection tools used are relatively low-cost remote sensing
techniques with limited ground truthing surveys. A majority of the periodic
inspections consist of capturing the above-water conditions of the structures at
periodic intervals using high-re' ‘lution aerial photography. The degree of
data analysis, using photogrammetric methods developed for and successfully
applied at the Manasquan jettics, New Jersey. and the Crescent City
breakwater, California, vary from site to site. A visual comparison of the
periodic aerial photographs is used to gauge the degree of in-depth analysis
needed to quantify structural changes (primary armor unit movement). Where
local wave data are being gathered by other projects or agencies and
acquisition of these data can be made at a relatively low cost, wave data ave
correlated with structural changes. Where these detailed data do not exist,
general observations and/or documentation of major storms occurring in the
area are presented along with the monitoring data. Use of ground surveys is
limited to the level needed to establish the accuracy of photogrammetric techniques.

When a structure has been photographed at low tide, an accurate,
permanent record of all visible areas is obtained. Through the use of
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stereoscopic, photogrammetric instruments in conjunction with the
photographs, details of structural geometry can be defined at 4 point in time.
By direct comparison of photographs taken at different times, as well as the ?
photogrammetric data resolved from each set of photographs, geometric :
changes of the structure can be defined as a function of time. Thus, periodic

inspections of the structures will capture permanent data that can be compared

and analyzed to deterrnine if structure changes are occurring that indicate

possible failure modes ard the need to monitor the structure(s) more closely.

The breakwaters at Kahului Harbor, Maui, Hawaii, and Launahoehoe,
Hawaii, Hawaii, were nominated by the U.S. Army Engineer Division,
Pacific Ocean (POD). A brief overview of the history of these unique
structures follows.

Kahului Harbor

Kahului Harbor is the only deep-draft harbor on the island of Maui. Maui
is the second largest of the Hawaiian Islands. The harbor is approximately
94 miles' southeast of Honolulu and is centrally located on Maui’s north shore
(Figure 1).

The harbor is exposed to winds and waves from the north and northeast. .
Boih northeast tradewind waves and northern swell impact on Kahuiui Harbor. —
The trade winds predominate the summer season, producing 6- o 10-sec,

4- to 12-ft deepwater waves. Ini nse winter storms in the north Pacific Ocean

create northern swell during the months of October through March.

Deepwater waves can attain heights of 25 ft with wave periods from 12 to

18 sec. These storms and, more recently, hurricanes are the sources of the .
largest waves that reach the Hawaiian islands. -

Kanhulut Harbor is rich in construction, repair, and rehabilitation history as
reported by POD (1981) and Sargent, Markle, and Grace (1988). The harbor
complex got its start when a berthing area, dredged entrance channel and
400-ft-long, armor stone east breakwater were constructed by the Kabului
Railroad Company in 1900. The Corps of Engineers’ first involvement with
the project came in 1913 when the east breakwater was extended 400 fi. The o
west breakwater was constructed to a length of 1,950 ft in 1919. In 1931, the
cast and west breakwaters were extended to their current lengths of 2,766 ft
and 23135 ft, respectively. All original construction used a single layer of
keyed and fitted, 8-ton armor stone placed between the +13-ft mean low
lower water (mllw) crest and -15 ft mllw (Figure 2). Side slopes above
-15 ft mllw were 1V on 2H on the heads and 1V on 1.5H on the trunks.
Below -15 ft mllw, the 1V on IH sloped structure was constructed of quarry
run stone (25 Ib minimum stone weight).

" A table of factors for convering non-Sk units of measurcment to Siounits 1s presented on
pagc V.
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HARBOR SIDE OCEAN SIDE

ONE LAYER, 8 TON MINI\IUM
KEYED AND FITTED

0.0 MLLW

= 2 TON MIN
5C% 4 TON MIN —I5FT

7
QUARRY RUN (25 LB. M'N.) \p

NN R P20 a8 o

Figure 2. Kahului breakwater construction of 1913 (typical cross section)

HARBOR SIDE OCEAN SIDE

STONE & GROUT\ (1} ‘/2 FT CONCRETE CAP

33 TON TETRATODS 33 TON TETRAPODS

0.0 MLLW

Figure 3. Kahului breakwater repairs of 1956 (typical cross section)

Chapter 1 Introduction




Between 1931 and 1954, both breukwaters were severely damaged on
numerous occasions and each repair or rehabilitation was carried out by
restoring the structure to original conditions with 8-ton keyed and fitted armor
stone. In March of 1954, storm waves, witn estimated 34-1t breaker heights
at the structure heads, attacked Kahului Harbor for a 3-day period.  The
outer 185 ft and 300 ft of the east and west breakwaters, respectiveiy, were
severely damaged. This extensive damage initiated actions to base needed
repairs on current design criteria rather than restering the structure to its
prestorm conditions. In 1956, repairs were comp.eted on both breakwaters
using 33-ton unreinforced tetrapods and a concrete cap (Figure 3). The new
armo- units were placed nn the heads of both breakwaters and extended 250 ft
snoreward along the sea-side tace of the west breakwater trunk.

A storm in 1958 with cstimated wave heights ot 25 ft at the siructures
caused extensive damage to both breakwaters. A breach in excess of 150 ft
was opened up on the east breakwater at the transition between the armor
stone and tetrapods. On the west breakwater, all of the tetrapods on the
harbor-side quarter of the head were swept away. The 1V on 2H slope used
in this area was fzlt 1o be the major design deficiency. Temporary repairs of
the east breahwater, consisting of a large monolithic concrete cap and
placement of 12-ton or larger arinor stone on the seaside face, were completed
in 1959.

A major breakwater reliabilitation was completed in 1966. Both heads and
155 ft just shyreward of the east head were included in the repair (Figure 4),
which was model tested at WES (Jackson 1964). The inboard quarters of buoth
heads were armored with two layers of 35-ton tribars on the upper ¢ae third
of the slope, while the lower two thirds were protected hy a double layer of
50-ton tribars. A two-layer system of 35-ton tribars was placed from the new
concrete rib cap to the toe of the rehabilitated sea-side slope of the east
breakwater trunk.

A storm in 1967 severely damaged the west breakwater trunk. This area
was repaired in 1969 by construction of a concrete rib cap and placement of
260 reinforced tribars, weighing 19 tons each, on the sea-side slope. In
November of the same year, the shore end of the 19-ton tribars was damaged
by 15- 0 20-ft Lireaking waves. This area was repaired in 1973 by an 80-ft
shoreward extension of the concrete rib cap and 19-ton tribars. The
shoreward extent of the tribars was buttressed with 25 tribars, weighing
33 tons each (Figure 5).

An ingpection conducted in 1973 revealed that the 33-ton tetrapods on the
sea-side quadrants of both heads had sustained considerable damage and they,
along with the 8-ton stone areas on both trunks, were in need of repair. The

following repairs were completed in 1977 on the west breakwater, 257
reinforced dolosse (30 tons each) were placed in two layers over the 33-on
tetrapods on the sea-side quadrant of the head; 291 reinforced dolosse (20 tons
each) were placed on the seaside ot the west breakwater trunk; on the east
breakwater, 610 reinforced dotosse (30 tons each) were placed in a double
layer over the 33-ton tetrapods on the sea-side quadrant of the head,

Chapter 1 Intruduction




HARBOR SIDE BREAKWATER

EXISTING CONCRETE CAP
2 LAYERS, 50 TON TRIBARS

23 ey -

2LAYERS
35 TON TRIBARS —

a. Tribar repairs to inboard quadrant of head sections

HARBOR SIDE OCEAN SIDE
7 FT 2 LAYERS, 35 TON TRIBARS
.
CONCRETE RIB- 77 RANDOMLY PLACED ON EXISTING SLOPE

EXISTING SLOPE EXISTING SLOPE
ST T

h. Repair of sea-side slope of east breakwater head

|
Figure 4. Kahului breakwater repair, 1966
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164 reinforced dolosse (20 tons each) were placed in a double layer un the
sea-side slope ot the trunk beginning shoreward of the 35-ton tribars; and,
extending shoreward, two layers of 6-ton unreinforced dolosse (455 units)
were placed on the sea-side slope of the east breakwater trunk.

The most recent repairs, model tested by the U.S. Army Engineer
Waterways Experiment Station (WES) Coastal Engineering Research Center
(CERC) (Markle 1982), were ccmpleted in 1984. This rehabilitation was
carried out in an attempt to eliminate the need for future "piecemeal” repairs.
On the east breakwater, one layer of 9-ton tribars was placed on the harbor
side between sta 19+ 50 and 27+ 1S; also, a concrete rib cap was constructed
between sta 19+ 50 and sta 23+80. On the west breakwater, one layer of
6.5-ton tribars was placed on the harbor-side siope from sta 19+ 35 to
sta 22+00. Between sta 17+75 and sta 19+ 35, single layers of 6.5-ton and
11-ton tribars were placed on the harbor-side and sea-side slopes, respectively.
A concrete rib cap also was constructed in this area and at sta 17475, the
11-ton sea-side tribars were buttressed with 25-ton tribars. Five hundred and
forty tribars weight 6.5 tons each, 755 tribars weighing 9 tons each, and
10 tribars weighing 25 tons each, were placed during the 1984 rehabilitation
work.

Laupahoehoe Boat Launching Facility

Laupahoehoe Point is located on the north coast of the Island of Hawaii
approximately 25 miles north-northwesi of Hilo (Figure 6). The County of
Hawaii's Laupahoehoe Point Park borders the shoreline of Laupahoehoe
Point. The park is primarily used for day picnics, family gatherings, and as a
tourist scenic attraction and rest stop. Historically, Laupahoehoe Boat
Launching Facility served as a landing where livestock were imported to the
area. The park has a concrete loading dock, restrooms, a picnic area, a
pavilion, and a paved parking area. In addition, a concrete launching ramp
was constructed within the park limits in 1970. By 1984, the existing
launching ramp became unsafe. The ramp was located within what would
appear to be a sheitered cove, but waves reflecting off adjacent rocky shores
created hazardous conditions a large percentage of the time. Local fishermen
found launching conditions too hazardous even under relatively calm ocean
conditions. For this reason, the county declared the ramp unsafe and posted a
sign, "Boat Ramp Closed."

The waters offshore of Laupahochoe are very popular and productive for
fishing most of the year, but the area was under-used due to closing of the
launching ramp. The closest safe lsunching area was focated in Hilo,

25 miles away. This extra travel time required more ice, limiting catch
hauling capacity and available hours for fishing. As well as hampering
fishing, the closed ramp severely limited the ability of the Hiio Rescue Squad
and Coast Guard in responding to emergencies on the northeast Hawaii coast.

Chapter 1 Introduction




Aujioe4 Buiyoune Jecg soyeoyedne 10} dew uoned0} 198(044 g 8inBi4

FTEEET T R

g E | s %
SI TN NI 3 VoS5 1334 NI 3°7VIS
dVYW ALINIDIA dyW 31IS
6 o61]
NP IZIO
21412V d :
[ 2
1d 3T0HYIN - - A6 M
o T - '
X\ \ -
41_ozm ; . Ld 30H3IOHVINYT
173r0O8d W IMYIQOHYN s

C
vovvd
@«zﬁ
o2 1d 313TIVHYN mﬂva nvva o ol2 W W
\
1¥%0110 z«xo W NToNOH ° °

HUYMVYH

A3¥
N-
d YN3IVX
¢ c
Ld MANHYN oia NVHIN 2
NV 320 297410V d )uzzﬁ. aw
44 > IvAyX o g
1d VIVHVM
_ 3 — -
3 3 B B R 2 3 :
=
O




POD developed plans to improve conditions in the area with the following
plan objectives, taken from POD (1984):

a. Improve commercial fishing opportunities in the North Hilo and
Hamakua Distcicts during the 1985-2135 period of analysis.

b. Imprcve recreational boating opportunities for the people of the North
Hilo and Hamakua Districts.

c. Provide protection for trailer boat launching and recovery during ail
but storm conditions.

d. Limit the protected water area to launch and recovery operations,
allowing sufficient maneuvering room.

e. Minimize conflicts with existing and planned uses of the affected area.

A 250-ft-long rubble-mound breakwater protecting a 9.5-ft-deep entrance
channzl, 7.5-ft-deef turning basin, and a boat-launching ramp was completed
in 1988 (Figures 7 and 8). The design layout for the facility and stability of
the breakwater were opiimized through physical model studies conducted by
CERC (Bottin, Markle, and Mize 1987). The breakwater is armored with 30-
ton reinforced dolosse and the crest is stabilized with a concrete rib cap. The
toe of the dolosse was keyed into the hard basalt bottom by means of a trench
excavated around the perimeter of the breakwater. The rib cap is supported
on concrete pipe columns.

The initial design of the breakwater core called for the vertical placement
of the core stone adjacent to the dolosse and under the concrete rib cap.
However, the breakwater stability model study noted that the stone beneath
the rib cap showed some displacement and consolidation during testing. The
constructability review of the plans also noted that the vertical placement of
the breakwater core stone would be a formidable task in the area’s year-round
rough ocean conditions.

A stable breakwater core was achieved through the innovative design of a
reinforced concrete pipe (RCP) rib cage (Figure 7). The RCP rib cage
utilized two rows of 60-in. class 4 RCP, set vertically as columns, on 14-ft
center. Each row’s RCP columns were spaced & ft on center with reinforcing
steel and concrete placed inside of each pipe. The RCP columns and concrete
rib cap formed a containment cage for the core and capstone. The RCP rib
cage clearly provided a stable bieakwater core and crest that maintained the
energy- dissipating characieristics of the breakwater and was constructable in
the rough waters of the project site.

Chapter 1 iIntroduction
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The Problem

As reviewed earlier in this report, the east and west breakwaters at Kahului
Harbor have undergone many repairs since the U.S. Army Corps of Engineers
became involved with the project in 1913. Most of the repairs were only
marginally successful before a unique breakwater capping method, referred to
as a concrete rib cap, was reveloped and tested on the protype structures.
The ribs increase crest stability, reduce wave overtopping, provide buttressing
for crest armor units, allow ease of access for maintenance, and are less
reflective than solid concrete caps. Initially, rib caps were cast first, with
subsequent placement of the armor units. During construction, it was
discovered that it was difficult not to leave a gap batween the armor units and
rib cap on the upper sea-side slone. This procedure was later reversed (armor
units are placed first and then the rib caps are formed and cast in place) in
order to try to achieve better armor unit buttressing. Periodic photogrammetric
surveys of the Kahului breakwaters will aid in understanding the long-term
performance of the rib caps and their stabilizing effects on the armor units and
the breakwaters as a whole. They also wiil give a basis for comparing the
stability of areas which used different construction proced.res.

The 250-ft-long dolos armored breakwater constructed at the Laupahoehoe
Boat Launching Facility also utilized a concrete rib cap. Due to the interior
geometry of the structure, cylindrical reinforced concrete pipes were stood on
end and backfilled to provide a stable support for the rib cap. The structure
also used a unique toe entrenchment technigue to assist in stabilizing the toe to
the 30-ton dolosse on the hard basaitic bottom. These unique cesign features
appear to the eye to be performing well structurally, and periodic photogrammetric
surveys will provide a basis for a long-term structural assussment of the
project and its possible application at other sites. This fits well with the
Periodic Inspections’ hypothesis that "Periodic remote inspections can provide
long-term respanse data.”

Purposes

The purposes of the study reported herein were:

a. To develop methods using limited land-based surveying, aerial
photography, and photogrammetric analysis to assess long-term
, stability response of armor unit layers and concrete rib caps on the
Kahului and Laupahoehoe breakwaters.

b. To conduct initial land surveys, armor unit breakage inspections,
N aerial photography, and photograinmetric analyses to (1) test and
improve developed methodologies and accurately define armor unit
) movement over the entire ghove-water armor unit fields, and (2) set
base conditions for breakwater armor units and rib caps, which can be
L used as controls when the structuies are revisited in the future under :
the Periodic Inspections work unit.

13
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2 Monitoring Plan and Data

Armor Unit Targeting and Ground Surveys

Monuments for both horizontal and vertical reference were estabiished on
land and on the caps of the breakwaters to serve as control points for the land-
based survey work as well as the photogrammetric work. Targets were
established on the concrete armor units to serve as a control to check the
accuracy of the photogrammetric work. Ten, ten, and five concreie armor
units dispersed over the sea sides and lee sides of the East and West Kahului
breakwaters and the Laupahoehoe breakwater, respectively, were targeted and
surveyed. A mixture of sizes and types of armor units were targeted
(Table 1). Three targets were placed on each concrete armor unit. Target
locations were selected to maximize their visibility in aerial photography and
to aliow for accurate representation of armor unit movement. Each circular
target is separated into four, 90-deg quadrants. Adjacent quadrants wzre
painted highly contrasting colors, and opposing quadrants were painted the
same color. This style target provides a precise center point at which
measuzements can be made by both land surveys and photogrammetric work.
To minimize the need for repainting targets, an epoxy-based marine paint is
recommended. Each target was labeied with a unique pair of alphanumeric
characters. The alpha characters identify the unit and the breakwater on
which it resides, and the numeric characters identify the target on the armor
unit. For example, armor unit "KEA" indicates a unit on the Kahului Eas:
breakwater that is unit A of 10 units A through J targeted on Kahului east,
which has three targets labeled KEA-1, KEA-2, and KEA-3 (Figure 9).
Figures 10-14 show the locations of all targeted units on the Kahului and
Laupahoehoe breakwaters.

The targets on the concrete armor units had their positions surveyed in
September 1991 and October 1992. The first survey work, along with initial
targeting, was conducted by POD’s surveying branch, while the ia'ter
surveying was completed by R.M. Towill Corporation. Results of these
surveys are shown in Tables 2-4 and field survey maps are on file at WES,
Measured x, y, and z coordinates for each survey are reported along with the
relative change that occurred in 2ach coordinate between the two surveys and
the vector magnitude of change detected. The horizontal datum is based on

Chapter 2 Monitoring Plan and Data
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Figure 10. Targeted armor unit locatinns or shoreward end of Kahului East breakwater
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Figure 11. Targeted armor unit locations on seaward end of Kahului East breakwater
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Figure 12. Targeted armor unit locations on shoreward end of Kahului West breakwater
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Figure 13. Targeted armor unit locations on seaward end of Kahului West breakwater
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Figure 14. Targeted armor unit locations on Laupahoehoe breakwater
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the Hawaii State Plane Coordinate System, Zone 1, and elevations are relative

to mliw.

Table 1

Armor U_mts

Kahului and Laupahoehoe Breakwaters, Description of Targeted

Description

Location Unit
r Kahului East KEA 9-ton tribar

KEB 9-ton tribar
KEC 35-ton tribar
KED 30-ton dolos ]
KEE 30-ton dolos
KEF 35-ton tribar
KEG 35-ton tribar
KEH 30-ton dolos
KEI 30-ton dolos
KEJ 9-ton dolos

Kahului West KWA 11-ton tribar

35-10n wribat

30-ton dolos

30-t0n dolos

30-ton dolos

30-ton dolos

38-ton tribar

30-ton dalos

6.5-1on tribar

6.5-1on tribar

Laupshoehoe

LA

30-ton dolos

LB

30-ton dolos

LC

30-ton dolos

LD

30-ton dolos

LE

30-ton dolos

The purpose for armor unit targeting and conducting ground surveys of the
targets was to generate a set of control data by which the accuracy of the
photogrammetric survey work could be validated and defined. A discussion
and presentation of the photogrammetric surveying data for the armor unit
targets and a comparison to the ground survey data can be found later in this
report.
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Table 2

Laupahoehoe, Hawaii

Dolosse Target Movement Record from Ground Surveys

Honzontal Datum. Hawan State Plane Coordinaie System. Zone 1

EECT3SSESEI=IF STSS=23222 32ZE=TTTST zz=ssEs

zzzze=sSzexs3a

Cate Survey Northing Eashing

Elevatons

(Y) Feet (X) Feet iF1) Feet  Relalnve Mavement (YXZ + vVaclor)
Y X z Vector

Ground 42193529 588,382.70 1186 l

Ground 421,935 29 588,382 59 188 000 o0 002 002
Target LA2
USCOE 09-10-91 Ground 421,928 98 588,392 94 1528
RMTC 10-12.92 Ground 421,928 98 588,392 94 1530 000 000 (0 02 002
Target LA3
USCOE 09-10-91 Ground 42192273 588,383.32 10.45
RMTC 10-12.92 Ground 42192274 588,36).31 10 50 001 {001 004 004
Tacget. LOY
UScOE 08:10.91 Ground 42185187 588,354 79 §57
RMTC 10-12.92 Grouna 421,851 85 588,354.83 5.63] (002 0 04! 006 0.07
Target: LD2 |
usSooe 09-10-91 Ground 421,844 90 588,361 96 13.7%
RMTC 10-12-92 Ground 421,844 90 588,351.96 13.09 200 [eX4.4] 004 004
Target: LD3
UsScoE 09-10-91 Ground 421,840 32 588,351 09 9.06
RMTC 10-12-92 Giound 421 840.28 588,351.11 9.11 (0.04 002 005 007.
Target LE1
USCOE 09-10.91 Ground 421,894 16 588,362 42 817
RMTC 10-12-92 Grouna 421,894 16 588,362.43 820 0.00 001 003 003
Target: LE2
USCOE 09-10-91 Ground 421,881.52 $688,362.28 8.74
RMTC 10-12.92 Ground 421,881.53 588,362.% . . 8.79 001 Q002 005 Qos
Target. LED
USCOE 09-10-91 Ground 421,888 09 $88,352.28 1213
RMTC 10-12.92 Ground 421,888 11 588,352.30 12.17 002 002 004 Q05
Target. LCY
USCOE 09-10-91 Ground 421,862 44 588,389 72 552
RMTC “0-12.92 Ground 421,862 45 588,389.89 5.7 001 (003 005 006
Target. LC2
USCOE 09-10-91 Ground 42185826 588,399 48 1189
RMTC 10-12.92 Ground 421,858 25 $88,399.49 11 92 o0 001 003 003
Target LC3
usSCoE 09-10-91 Ground 421,850 11 588,391 01 780,
RMTC 10.12.92 Ground 421,850 11 588,391.00 783 000 {001 003 003
Target LB1
USCOE 09-10-91 Grourd 42188425 588,392 29 10 59 i
RMTC 10-12.92 Ground 421,884 725 588,392 32 1063 000 003 004 005
Taget. LB2
USCOE 09-10-91 Ground 421,874 74 588,398.31 15 89
RMTC 10-12-92 Ground 421,874.75 588,398.30 15.90 G 01 (001 001 002
Target: LB
USCOE 09-10-91 Ground 421,87266 588,387 30 10 48
RMTC 10.12.92 Ground 421,87265 588,388 30 1051 o0 000 004 004

| — — ————
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Table 3
Dolosse Target Movement Record irom Ground Surveys
Kahului-East, Maui, Hawaii

Honzontal Datum: Hawali State Plane Coordinate Sysiem, Zone 1
== == ==czz=zzzsosEz s3ZSSz=osuszass
Agency Deate Survey Northing Essting Elevgtions
l (Y) Foet (X) Feet (Ft) Feet Reiatve Movement (YXZ « Vector)
Y X r4 Vector
Target KEC1
USCOE Ground 207,201.71| 565,596.78 780
RMTC 10-05-92 Ground 207,201.72| 565,596.80 7.82 001 00?1 002 0.03
Torget: KEG2
USCOE Giound 207,21032] 56559215 1054
RMTC 10-06-92 Ground 207,210.33| 565,502.18 1058 001 003; 602 0.04
Targat KECA
USCOE Ground 207,20951| 565602.21 11.01
RMTC 10-06-92 Ground 207,209.53| 565,602.26 11.02] (002 0.05] 0.01 0.05
Target: KED1
USCOE Ground - 207,271.81| 565808.22 18.08
RMTC 10-08-92 Ground 207,271.81] 56560924 1805 000 002 (0.0% 0.02
Target: KED2
USCoE Ground 207,27289| 565,621.02 14.20
RNTC 10-06-92 Ground 207,27289| 585,621.04 1420 000 0.02 0.00 0.02
Target KEOS
USCOE Ground 207,262.35| 565.614.44 190
RMTC 10-06-92 Ground 207,262.34| 565814.48 11.80| 0.00 002/ 000 0.02
Target KEE 1
USCOE Ground 207,29890( 565,669.82 13.83
RMTC 10-06-82 Ground 207,20890| 565,669.82 13.82 0.00| (001 0.01 o0
Target KEE2
USCOE Ground 207,207.91] 565.681.96 1837
RMTC 10-06-82 Ground 207,297.88 $65,881.98 18.24 {0.03; (0.0t 0.03 0.04
Target: KEE3
USCOE Ground 207,207.88| 565,675.75 720
RMTC 10-06-92 Ground 207,287.85) 565,675.74 1220| 001 (0.01 003 0.03
Target KEF1
USCOE Ground 207,265.53 965,722 83 1370
RMTC 10-06-92 Ground 207,26553] 56572281 13.66 Q00| (002 004 004
Target KEF2
USCOE Ground 20727171 565,73235 851
RMTC 10.06-92 Ground 20727171 56573233 851 000) (002 0o0n 002
Terget KEF3
USCOE Ground 207,259 12 $65,732 54 931
RMTC 10-06-92 Ground 207,259 11 565,732 51 930 001 (003 001 002
Tacget KEG1
USCOE Ground 20722110 565,743 84 a7
RMTC 10-06.92 Ground 20722210 565,74979 973 000; (005 000 005
Target KEG2
UsScoe Ground 207,228 04 565,755 53 10 62
RMTC 10.06-92 Ground 207,226 84 565,755 .48 10 61 000 (0 05 001 005
Target KEG3
USCOE Geound 207,22056| 565,758 51 933
RMTC 10-08-92 Ground 207.22058| 565,758 48 9.31 002 (003 002 004
|} |
P e e e
(Continued)
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Table 3 (Conciuded) I
Honzontal Datum: Hawau State Plane Coordinate System, Zone 1
SMEECTICTLIIE ERwsrsesEE CTTISTIraz S8SsSSISTSSS SITSIIiEESSE EEEEESSTSI S=ESEIIScirEIsooessss ssoszs
Agency Oute Survey Nothing Eesing Elevations
(Y] Feet (X) Fee* (Ft) Feet  Relative Movement (YXZ + Vecto)
Y X z Vector
Target KEB1
USCOE Ground 207,11298| 565,756 80 641
RMTC 100692 | Ground 207,11295) 56575681 644 (©03y o001 003! o004
Target KEB2
USCOE Ground 207,107 60 565,755 54 466
RMTC 100692 | Ground 207,10757| 56575555 468 (031 001 002] o004
Target KEB3
USCOE Ground 20711169 56575139 477
RMTC 10.06.92 | Ground 207,11165 56575139 480| (004 000 003, 005
Target KEH1
USCOE Grouna 207,058 40| 565,995 97 1593
RMTC 1006-92 | Ground 207.05830( 66599595 1598| (001 (0021 005 005
Target KEH2
USCOE Ground 207.06520| 566,066 10 17 95
RMTC 1006-92 | Ground 207.06518| 566,066 09 1800 (002 (001 005| 005
Target KEH3
USCOE Ground 207.05309| 566,007 42! 1523 '
RMTC 1006-92 | Ground 207,05308| 566,007 36 1526, 001 (006] 003 0.07
Torget KEA1
USCOE Ground 206,880 65| 566,164 10, 532)
RMTC 1006-92 | Ground 20688863 566,164 13 542; (0021 003, 010| O
i
Target KEA2 N -
USCOE Ground 206.88559) 566,168 95 544
RMTC 1006-92 | Ground 206.88558| 566,168 99 sa7| (001 004! 003 oo0s
Target KEA3
USCOE Ground 20688293 566,163 89 453
RMTC 100692 | Ground 206,69291| 566,163 92 458 (o021 oo3l oos| oo0e
Target KEI1
USCOE Ground 20693966, 566.179 90 1167°
RMTC 10.06-92 [ Ground 20693962 56617993 11681 (0041 00G3| 001} 005
Target KEI2 i |
USCOE Ground 206,94520! 566187 63" 1708 ! I
RMTC 1006-92 | Ground 20694524 566,187 48 1712, 004 (015 004 016
Target KEI3
USCOE Ground 206,93469| 566.188 89, 15 40 :
' RMTC 1006-92 | Ground 20693464 566,188 93° 1545 005, 004; 005| 008
Tatget KEJ1
USCOE Ground 206883121 566,270 52 947
RMTC 1006-92 ; Ground 206.88308| 566,270 53 950 (©o0ay o001l 003 o005
Target KEJ2
Py | : .
USCOE Ground 206887 47" 566,275 84 800 '
RMTC 100692 | Ground 206887 45 566.27576 804 0 02{ (©18] 004] 019
Target KEJ3 i .
USCOE Ground 206,88200( 566 277 04/ 12 54| i
RMTC 1006.92 | Ground 206,801 97| 566276 98 1264; (©03] (©06] 000, 007
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Table 4
Dolosse Target Movement Record from Ground Surveys
Kahului-West, Maui, Hawaii
e
Horizontal Dstum: Hewes Stete Plane Coordinate System. Zone 1
Agency Date Survey Northiryy Easting Elevations
(Y) Feet (X)Feet (F1) Feet  Relalrve Movement (YXZ + ecioxr)
R X Z  vedor

TARGET" KWA1

USCOE Ground 206,990 71| 56437509 854

RMTC 100592 | Ground 206,990.72| 564,37508 864] 001 ©o01] o0110] o010
TARGET. KWA2

USCOE Ground 206,986 89| 56437334 1216

RMTC 100592 | Ground 206,986 89| 56437832 1227 000] ©02] o011 013
TARGET KWA3

USCOE Ground 206,985 46| 66437257 10 48

RMTC 100592 | Ground 206,085.46| 56437258 1057 000) 001, O011] 014
TARGET KWB1

USCOE Ground 207,060 207 564,486 30 775

RMTC 100592 | Ground 207,060 21| 564,486 35 778 001! 005 003] 006
TARGET KwB2

USCOE Ground 207.06488] 564,491 58 929

RMTC 100592 | Ground 207.064.92| 564,491 63 934; 00a] o005| 005 o008
TARGET KWB3

USCOE Ground 207,058 08| 564,493 29 736

RMTC 100592 | Ground 207,053 11| 564,493 31 740 003 002, o004] 005
TARGET. KWC1

USCOE Ground 207,111 52 D04 H14 45 1083, !
RMYC 100592 | Ground 207,111.52| 56461446 1087 000| 001 002] 002
TARGET KWC2

USCOE Ground 207,10509| 564,607 87 1672

RMTC 100592 | Ground 207,10509| 564,607 87 1676] 000] 000] 004| O0ua
TARGET KWC3

USCOE Ground 207.11405 564,663 83 1212

RMTC 100592 | Grourd 207,19407] 564,603 88 1215! 002| oool o0o03| o004
TARGET KWOD1

USCOE Ground 207.14140| 564,698 16 M2 !

RMTC 100592 | Grouna 207,14156! 564698 20, 1761 0 16i 004] 004 017
TARGET KWD2 ;

USCOE Cround 20715345 564 694 U5 12 7e| |

RMTC 10-05-92 Ground | 207,153 47| 96469405 12 82; 001! 000, 010 010
TARGET kwWD3 I ’

USCOE Ground 207,14407] 564,687 20 170!

RMTC 100592 | Ground 20714406 564,687 21 1703 ©o01) 001, oo03l o003
TARGET KWE1

USCOE Ground 207,173 46 564,787 93 1409

RMTC 100592 | Ground 207.17341! 564.787 94 1412| ©os) 001 003| 006
TARGET KWE2

USCOE Ground 20718557} 64,789 00 un

RMTC 100592 | Groun 207.18555| 564.788 98 174l ©o2f 002 o003 004
TARGET KWE3 !

USCOE Ground 207,180 11| 564,777 62 1213

RMIC 100592 | Ground 207,180 06| 56477763 1216 ©o0sf w01 o003] o006

P ————————— —
(Continued)
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Table 4 {Concluded)
Horzontsl Detum: Hawan Siate Pane C oordinate System, Zone 1
EPRERSCETISSZ TN CIITTSI SoErsssSI cmezpeserseEz ZTos
Agency Dele Survey Northeag Eastug Elevatione
(V) Feel {x) Fast (Fl)Feet Relatve Movement (YXZ + Vector)
[====3
Y X Z VYector
TARGET KWF1 | |
—— ] H ]
USCOE Ground | 20714876 ssa@n3ss 13 18!
RMTC 100592 | Geound 20714872 56480382 13211 (004 (©O03f 0031 006
TARGET KWF2 | l
T ]
USCOE Ground 207,150 111 56481613 1013i )
RMTC 100592 | Growd 207,150 111 564.816 12 1014! 000; o1} o001 o001
TARGET KWF3 |
USCOE j Ground | 207.15817! 56481055 1788 ! !
RNTC 100592 | Ground 207,15811'  564.8.055 1791 (© 061 000! 003] oo07
YARGET KWG1 l
USCOE Groung 767,100461 56479579, 1 t
RMTC 1040592 | Ground 207.100 45 564,795 77 1112| ©01y (002f 002] 003
TARGET KWG2
USCOE Grouna 207.09828] 564,805 42, 926
RMTC 100592 | Ground 20709626 564,805 40 928! 09! (o2 o002{ 003
TARGET KWG3
usc g Ground 207.107 84] 56480260 1068
RMTC 1005-92 Ground 207,107 84 564,802 56 10 68 000 (004 000 004
TARGET KWH1
USCot Groung 207.04463; 564.75376 954
RMTC 100592 | Grovng 207,044 53i 564,753 76 g s7i 02! ooo o000l o000
TARGET KwH?2 1 ! i
USCOE. Groung 207.03580| 564744 sgi 803
RMTC 100592 | Ground 207.035811 64,744 70 907! 001] 001; 004| o004
TARGE Xya3
USCCE Groung 20703254 964,756 16 1287,
RWMIC 100592 Ground 207,032 84 564 756 14 1269; 000} (002y 002 003
TARGET Kwit
USCOE Ground 20703285 554592 43! 805’ !
RNMTC 100592 | Grouna 207.03284] 5C4.59252 812! ©ony o ogl o7’ 011 .
TARCET Kwi2
Ground 20703122° 6459729, 676 : | T
1005-92 Grouna 207,031 29 564 5%/ 35, [} 77: Of)7I 0on 001 1 003
H 1 N
Ground 20702607; 56459319 €03 T
100592 | Groung 207.02606° 564,593 25: 610 (001 oos| oorI 009 .
TARGET KWJ1 i
USCOE Ground 20607156] 50442208 470
RMTC 100592 | Ground 20697158} 55447211 475] co02’ 003 o005 006
TARGET KW.J2
USCOE Ground 206967 37| 664,463 01 43?7
RMTC 100592 | Grouna 206967 38]  564.459 04 492] 001, 003] 005 006
TARGET KwJ3
USCOE Ground | 20697212] 56445688 anl | ! :
RMTC 100592 | Ground 20€097215| 564,456 91 477) 003 003] GO06; 007
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Aerial Photography

High-resolution stereo-pair, aerial photographs were obtained on two
different occasions (Table 5) for each of the breakwaters from fixed-wing
aircraft. At least four monuments were established for control of each stereo
pair and these controls were verified or reestablished before each flight.
Horizontal control was based on the Hawaii State Plane Coordinate System
and elevations were referenced to mllw. Photographs were to be acquired
with a combination of camera lens and airplane elevation that would result in
negatives and contact prints with a minimum scale of 1 in. equal to 100 ft.
As seen in Table 5, all photographs met or exceeded this requirement. The
stereo pairs for one flight for each breakwater are shown in Figures 15-19.

Table 5

Listing of Stereo-Pair Aerial Photographs

Breakwater Scale(s) of Negatives Date of Photographs
Laupahoshoe 6 in = 500 ft 10 October 1991
Laupahoehoe 6in = 500 ft 11 November 1992
Kahului West 6in = 500 ft & 6in = 400 ft 19 October 1991
Kahului West 6in = 500 ft 8 January 1993
Kahului East 600 ft 19 October 1991
Kahului Eest ., 500 ft 8 January 1993

Photogrammetric Analysis of Armor Unit Targets

Stereo pairs were placed in 1« Wild Heerburg BC3 Analytical Stereoplotter
»nd coordinates of the armor unit targets were read and recorded. These data
are presented in Appendix A. For each target, the following information is
listed: (a) date of flight, (b) survey type, (c) Northing, Easting, and Elevation
coordinates, (d) relative change in coordinates since last aerial flight, and
(e) cumulative change in coordinates since first aerial flight. In this case,
since only two flights have been made, relative and cumulative values are the
same. Data for Laupahoehoe are presented first, then East Kahului, and
finally, West Kahului. The purpose of the photogrammetric analyses of the
targets was to compare these data to data derived from ground survey work
(Tables 2-4) to establish the accuracy of photugrammetric work and thus give
validity to the detection methods that were used to ascertain armor unit
movement on the breakwaters. Comparisons of the September 1991 ground
survey data and the October 1992 aerial data are presented in Table 6 for East
Kahului, West Kahului, and Laupahoehoe breakwaters. Plots of these data are
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Figure 15. Stereo pair photographs of Laupahoehoe breakwater taken
10 October 1991
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Figure 16. Stereo pair photographs of outer portion of Kahului West breakwater
taken 8 January 1993
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Figure 17. Stereo pair photographs of inner portion of Kahulur West breakwater
taken 8 January 1993
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Figure 18. Stereo pair photographs of outer portion of Kahului West breakwater
taken 8 January 1993
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Figure 19. Stereo pair photographs of inner portion of Kahului West breakwater
taken 8 January 1993
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presented in Appendix B. Both the plots and tabular data show close
comparison between ground and aerial survey data. No storm conditions
occurred between the September 1991 ground survey and the October 1991
aerial flights, so no armor unit movement was anticipated. Therefore, th .e
two data sets provide a good chech of the accuracy of the photogrammetr :
analyses. The data show typical differences of a few hundredths of a fou
becween the ground and aerial surveys of targets. Maximum differences were
equal to or less than 0.17 ft, and this level of difference was rare in the data
set. In the armor unit movement analysis discussed later in this report, efforts
were made to resolve magnitudes of armor unit movement that equaled or
exceeded (.5 ft. These data show that this accuracy can be resolved using
photogrammetric analysis.

Photo Maps

Aerial images were used to produce halftone, screened, and rectified photo
maps of the armor unit fields and concrete rib cap areas on the East and West
Kahului breakwaters and the entire Laupahoehoe breakwater. These photo
maps are in positive reverse reading form on 28-in. by 40-in. double-matte
Mylar sheets and were produced at a scale of 1 in. equals 20 ft. These high-
resolution maps allow for visual inspection of the above-water portions of the
breakwaters and comparison between maps produced during different time
periods. Reduced reproductions of the 10 October 1991 photo map for
Laupahoehoe, and 8 January 1993 photo maps of Kahului West and Kahului
East, are presented in Figures 20-22, respectively. Full-scale, original photo
maps for both years’ aerial flights are on file at the authors’ offices at WES
and POD.

Armor Unit Movement Detection

A methodology was developed to detect movement that occurred between
successive aerial surveys of all armor units visible above the waterline.
Breakwater stereo pairs taken during the first year’s flight were mounted in
the stereoplotter and the XYZ coordinates of three prominent, reproducible
points on each visiole armor unit were read and recorded in a computer file.
The second year’s stereo pairs then were analyzed in the same manner. The
two coordinate files then were converted to AutoCAD files and when both
files were displayed on a video screen armor unit, movement between the two
years was easily detected. Coordinates of the points for the armor units which
appeared to show movement equal to or greater than 0.5 ft were stored to .
separate file and magnitudes of the XY vector changes for each of the three
points on the armor unit were calculated. Table 7 presents the data on
10 armor units that met or exceeded the threshold movement between the 1991
and 1993 aerial flights. All of these units were on the Kahului breakwaters
(six and four on the west and east breakwaters, respectively). No units
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meeting the threshold movement were detected on the Laupahoehoe
breakwater. The point showing maximum magnitude for each of these

10 units was noted by arrows designating direction and magnitude of
movement on transparent overlays for the 1993 photo maps. These movement
vectors are shown on the photo maps displayed in Figures 21 and 22,

When the breakwaters are reinspected and subsequent aerial flights are
made, this movement detection methodology will be used to determine and
present armor unit movement. This will allow subtle changes occurring on
the breakwaters, which are typically missed during normal visual breakwater
inspections, to be quantified. During past inspections of the older rib cap
areas of the Kahului breakwaters, it could not be determined whether the gaps
between the rib cap and armor units on the upper sea-side slope were
increasing or whether that was how these areas were constructed. Through
periodic aerial photography and application of this movement detection
analysis, areas in the armor unit fields that are showing movement can be
detected and monitored more closely to determine the probable causes of
changes. In some areas, motion above the waterline may indicate changes
occurring under the water that could be jeopardizing the structural integrity of
the breakwater. Also, when storms occur at a level that could result in armor
unit motion, these analysis methods can be applied to measure the resulting
changes and response of the breakwaters to these storms.

I Helicopter Inspections

In April 1992, low-level helicopter inspections were made of the Kahului
and Laupahoehoe breakwaters to obtain closeup 35-mm photographs. The
35-mm photographs, along with aerial photographs showing the approximate
locations of these photographs, are shown in Figures C1-C16 in Appendix C.
The purposes of these inspecdons were: (a) to provide oblique photographs
that could easily be viewed to gain insight into the conditions of the
breakwaters, and (b) to obtain a count of visible armor unit breakage.
Findings from the inspections and review of the 35-mm photographs and the
1991 stereo pairs revealed that 13, 3, and 0 armor units were broken on the
Kahului West and East breakwaters and the Laupahoehoe breakwater,
respectively. Selected 35 mm photographs were combined with the rectified
photo maps to show details of armor unit breakage locations on the Kahului
breakwaters. These were reduced and are presented in Figures 23 and 24. In
September 1992, a walkiag inspection of the Kahului breakwaters was carried
out by Melby and Turk (1993) to obtain details on concrete armor unit
breakage for input to ongoing research being funded under work units in the
Coastal Engineering Research Program and the Repair, Evaluation,
Maiintenance, and Rehabilitation Research Program. Close study of the
structures revealed that 28 and 11 units were broken on the West and East
Kahului breakwaters, respectively. These breakage figures, along with those
revealed from the aerial inspections, are presented in Table 8.
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Table 8

Concrete Armor Unit Breakage Summaries for Kahului

Breakwaters
Number broken Number
cracked
Breskwates Armor tons Asrial Melby and Melby
Turk and Turk
West Dolos 30 5 8 3
Waest Dolos 20 5 13 4 h
tWest Tribar 19 2 6 S
West Tribar S0 0 1 0
Wost Tribar 6.5 1 o] (]
East Dolos 3 (o] o] 1
Eest Dolos 6 3 9 0
Eest Tribar 35 0 2 2

The walking inspection by Melby and Turk (1993) occurred several months
after the aerial inspections, but the time factor does not account for the

considerably larger n

imb

<% 218230

inspection when compared to the aerial surveillance results. The difference is
associated with the difference in accuracy and visibility between the two
methods. The aerial mspection does noet pick up on the cracked, but yet

unbroken, units, and the broken units in shadows, in the splash zones and in
the underlayers. This observation shows that breakage counts obtained from
the aerial, or remote sensing, technique must be understood to not be totaily
accurate and for a definite understanding of breakage quantities, a hands-on
walking inspection of the armor unit fields is essential. The aerial inspection
fulfills its anticipated results in that it will reveal to some degree the breakage
and its distribution and it will give insight into when closer inspections of the
armor unit fields are needed to ascertain accurate counts on armor breakage.
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3 Summary

By means of limited land surveys, low-level helicopter inspections with 35-
mm photography, aerial photography, and photogrammetric analysis, base
conditions have been established for the Kahului and Laupahoehoe
breakwaters. Accuracy of the photogrammetric analysis techniques has been
checked through comparison of ground and aerial survey data on armor units
that had been specifically targeted and surveyed for this purpose. A method
using high-resolution, stereo pair aerial photographs, a stereoplotter and
AutoCAD files, has been developed and tested to analyze the entire above-
water armor unit fields to quantify armor unit. movement that exceeds a
threshold value of (.5 ft. During testing of the method, it was observed that
very little change, in regard to armor unit movement, occurred during the
1991-1993 monitoring, but this should be anticipated, as the wave climate to
which the structures were exposed was very mild during this time period.
Low-level helicopter surveys of concrete armor units revealed no breakage on
the Laupahoehoe breakwater and only minimal amounts of breakage on the
Kahului structures. A walking inspection of the Kahului breakwaters
conducted under another research study revealed higher levels of armor
breakage than found by aerial studies. The level of breakage is still minimal,
but the area at the confluence of the sea-side of the head and trunk of the west
breakwater is beginning to show a slight concentration, or cluster, of breakage
and this area should be monitored more closely than other areas. Also, the
land-based breakage survey revealed that the accuracy of aerial breakage
inspections can be questionable and that for more accurate armor unit
breakage counts, detailed walking inspections should be conducted over the
armor unit fields.

Now that the base (controf) conditions have been defined at a point in time
and a method has been developed to closely compare subsequent years of
high-resolution aerial photography of the Kahului and Laupahoehoe
breakwaters, these sites will be revisited during future years under the
Periodic Inspections work unit to gather data by which assessments can be
made on the long-term response of the structures to their environment.

Insight gathered from these efforts will allow definite decisions to be made
based on sound data as to whether or not closer surveillance and/or repair of a
structure is required to reduce the chance that it will fail catastrophically.

Chapter 3 Summary




Also, the periodic inspection methods developed and validated for these
structures can be used to gain insight into other Corps’ structures.
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Armor Unit Target Movement Record From Aerial Surveys
Laupahoehoe Breakwater, Hawaii

larget 1d: A1 Type of Survey: AERIAL

Etev. Relative Movement

Survey Easting(x) ft. ) ft. (YX2) Curulative Movement (TXZ)

91/10/10  AERIAL 42.935.50
92/11/22 AERIAL 421935.34

588332.69 11.86 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00
588382.68 1. 0.04 -0.01 0.08 6.04 -0.0%

Target 1d: A2 Type of Survey: AERIAL

Survey Korthing(Y) ft. Easting(X) ft. Elev.t2) ft. Relstive Movement (YX2) Curulative Movement 7YX2)

91710/10  AERIAL 421928.98 588392.93 15.30 0.00 0.00 0.00 0.09 6.00 0.00 0.00 0.00
92711722 AERIAL 421929.03 588392.89 15.35 0.05 -0.04 9.05 0.08 0.05 -0.06 0.05 0.08

Target Id: A3 Type of Survey:

Survey

Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Kovement (TX2) Cumulative Kovement (YX7)

91710710 AERIAL 421922.73 $88383.31 10.48 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.0
92711722 AERIAL 421922.77 588383.29 10. 0.06 -0.02 0.03 0.66 -0.02

Target ld: 81 Type of Survey:

Survey Northing(Y) ft. Essting(¥) ft. Elev.(2) ft. Rel2tive Movement (YXI) Cumslative Movemeat (TX2)

Q1710710 AERIAL 4218845.27 588392.28 ¢.00 G.00 0.09 0.00 0.0 o0.co 0.00
92711722 AERIAL 621884.27 588392.30 10.74 0.00 0.02 0.12 0.12 0.00 0.02 0.12 0.12

82

Target 1o: Type ot Survey:

Survey NWorthing(Y) ft. Easting(X) ft. Eler.(2) ft. Relstive Movement (YX2) Cumulative Movement (YXZ)

0T AIRIAL 421874.77 $88358.36 15.91 6.60 ©€.66 0.00 0.0 0.65 0.G0
F2/11722 AERIAL 621874.78 588598.31 15.91 0.01 001 0.00 0.01 o0.01

Target 1d: BY Type of Survey: AERIAL

Survey  Northing(Y) ft.

Easting(X) ft. €lev.(2) fr. Relative Fovement (YX2) Cumutative Movement (YXZ)

¥1710/00  AERIA{ «21872.67 588387.29 10.93 0.00 0.00 0.00 0.G0 3.00 0.00 <C.cO 9.00
92/11722 AERIAL 621872.70 588387 .44 10.50 0.03 0.1 -0.03 0.16 0.03 0.15 -0.03 0.1
Target "d: (1 Type of Survey: AFRIAL
CLate Survaey  Morthirg(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (TX2) Cunulative Movement (¥X2)
Grone s comsrss Swimo.72 552 060 000 0.00 0.00 000 000 0.00 0.00
A2 Appendix A Aerial Survey Data for Armor Unit Targets




Armor Unit Target Movement Record From Aerial Surveys

Laupahoehoe Breakwater, Hawaii

Target td: Cl Type of Sirvey: AERIAL

Date Survey Northing(Y) ft. Eassting(x) ft. Elev.(2) ft. Relative Hovement (YX2) Cumulative Movement fYX2)

u 92/11/22 AERIAL 421862.53 588389.73 5.5% 0.00 0.0 0.03 0.03 0.00 0.01 0.03 0.03

Target id: C2 Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumulative Movement (YX2)
91710710 AERIAL 421858.28 568399.46 11.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
92711722 AERIAL 421858.29 588399.46 11.87 0.01  0.00 -0.0%4 0.04 0.01  0.00 -0.04 0.04

Target Id: (3 Type of Survey: AERIAL

Oate Survey Morthing(Y) fr. Easting(X) ft. Elev.(2) ft. Relative Movement (YXZ)} Cumulative Movement (YX2)
91710710 AERIAL £21850.14 588390.99 7.83 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00
92711722 AERIAL 421850.21 588391.03 7.9 0.07 0.04 0.07 [/ }] 0.07 0.06 0.07 .11

Target id: D1 Type of Survey: AERIAL

Date Survey Northing(Y) fr. Easting(X) ft. Elev.(2) ft. Relative Movement (YXZ) Cumulative Movement (YX2)
91710710  AERIAL 421851.88 588354.78 $.61 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00
92/11/22 AERIAL 121851.86 S88354.75 5.60 -0.02 -0.03 -0.01 0.0¢ -0.02 -0.03 -0.0% 0.04

Target 1d: 02 Type of Survey: AERIAL

Date Survey Northing(y) ft. Easting(Y) fr. Elev.(2) fr. Relative Movement (YX2) Cumul ative Movement (YX2)
91710710  AERIAL 421844.93 88361.97 13.06 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00
92/11/22 AERIAL 421844 .95 588361.93 13.06 0,02 -0.04 0.00 0.04 0.02 -0.04 0.00 0.04

Target id: 03 Type of Survey: ASRIAL

Date Survey MNorthing(Y) tt. Easting(x) ft. Elev.(2) ft. Relative Movement (YX2) Curulative Movement (YXZ)
91710710 AERIAL 421840.32 $88351.09 9.09 0.00 0.00 0.0C 0.Go 0.0 0.00 0.00 0.00
92/11/22 AERIAL 421840.29 585351.06 Q.09 -0.03 -0.03 0.00 0.04 -0.03 -0.03 0.00 0.04

target Id: E1 Type of Survey: AERIAL

Date Survey  Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumylative Movemend (YX2)
91710710 AERI1AL 421896.18 588362.41 8.19 0.00 0.60 0.00 0.00 0.60 0.00 0.00 6.00
92/11/22 AERIAL 421894.20 588362.41 8.1 0.0 0.00 0.02 0.03 0.02 0.00 0.02 0.03
Target id: €2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Eiev.(2) ft. Kelative Hovement (YXZ) Cunylative Movement (YXZ)
91710710 AERIAL 421881.53 588362 27 8.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
92/11/722 AERIAL 421881.54 588362.25 8.73 0.01 -0.02 -0.04 0.05 0.01 -0.02 -0.04 0.05
Target ld: €3 Type of Survey: AERIAL

Date Survey  MNorthing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumilative Movement (YXZ)
91/10/10  AERIAL 421888.12 588352.27 12.16 8.00 0.00 0 00 0.00 Q.0C 0.00 0.00 0.0
92/11/722 AERIAL 421838.10 588352.26 12.20 -0.02 -0.01 9 04 0.05 -0.02 -0.01 0.04 0.05
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Armor Unit Target Movement Record From Aerial Surveys

East Kahului Breakwater, Hawaii

farget 1d: Al Type of Survey: AERIAL

bate Survey Northing{Y) fr. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumulative Movement (YX2)

Covt0n9 aemial woessses sestees 527 000 0.00 000 000 000 000 000 0.00
93/01/08 AERIAL 206888.41 566164 .38 5.28 -0.02 0.00 0.0t 0.02 -0.02 0.06 0.01 0.02
Target Id: A2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Hovement (YX2) Curulative Rovement (Yx2)

ot0/19 ARIAL 2068853 sesws.28 527 0.00 0.00 000 000 000 000 0.00 0.00
93/01/08 AERIAL 206885 .34 566169 .26 5.34 0.0 -0.02 0.07 0.07 0.00 -0.02 0.07 0.07
Target Id: A3 Type of Survey: AERIAL

Oate Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumilative Movement (YX2)

Couton AL wessz.es  sessis 6% 000 0.00 000 0.0 0.0 0.00 0.00 0.00
93701708 AERIAL 206882.66 566164 .15 4.61 0.00 -0.03 0.0% 0.06 0.00 -0.03 0.05 0.06
Target 1d: Bl Type of Survey: AERIAL

Date Survey Northing(Y) ft. €asting(X) ft. Elev.(2) ft. Relative Movement (VX2) Cumulstive Movement (YX2)

Coumne A w7izes  semess | 640 000 0.00 0.00 0.0  0.00 060 000 0.00
93701708 AERIAL 207112.94 565756.76 6.465 0.09 -0.09 0.0% 0.14 0.09 -0.09 D0.05 0.14
Target Id: 82 Type of Survey: AERIAL

Date Survey Northing(Y) ft. fasting(X) ft. €lev.(2) ft. Relative Movement (YX2) Cumulstive Movement (1X2)

Couone ARIAL | 27ioTae | sesms.an | 46s | 0.00 000 0.00 0.00  0.00 0.00 o000 0.00
93/01/08 AERIAL 207107.54 565755 .49 4.70 0.08 -0.12 9.0 0.:% 0.02 -0.12 0.0% G.15
larget 1d: 83 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Retlative Movement (TXZ) Cumnulstive Movement (YX2)

Coutons amia | 27Inss  sesmiar a9 000 0.00 000 0.00  0.00 000 0.06 000
93/01/08 AERIAL 20711164 565751.33 6.82 0.08 -0.08 0.03 0.12 0.08 -0.08 0.03 0.12
target 1d: Ci lype of Survey: AERIAL

date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) Cunulative Movement (YX2)

o9 AR a720n7s | sesswses 7.0 0.00 0.00 0.00 0.00 0.0 0.00 0.00 008

A4
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Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

Target 3d: C1 1ype of Survey: AERIAL

Care Sufvey  Horthing(Y) ft. Fasting(x) ft. Elev.(2) ft. Relative Movement (YX2) Cunulative Movement (YX2)

Csoues aeus 2omover sesso6.80 7.2 041 0c 041 021 o 646 om 0.21
Target [d: €2 Type of Survey: AERIAL

Sate Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Retative Movement (YXZ) Cumulative Movement (YX2)

oMo ML 20721037 sesse.0t 46 000 0.00 000 0.0 0.00 0.00 0.00 0.00
93701703 AERIAL 207210.26 565592.19 10.66 -0.11  0.18 0.20 0.29 -on 0.18 0.20 0.29
target 1a: C3 Type of Survey: AERIAL

ODate Survey Morthing(Y) tt. Easting(x) ft. Elev.(2) ft. Relative Movement (YX2) Cumnulative Movement (YX2)

Counone misL 202857 sesezt 1.5 0.00 0.0 0.0 0.00  0.00 0.00 000 0.00
93701708 AERIAL 207209.47 565602.26 11.01 <9.10  0.15 0.08 0.20 -0.10 0.15 o0.08 0.20
teerget id: DY Type of Survey: AERIAL

bate Survey Morthang(Y) ft. fastang(X) ft. €lev.(2) ft. Relative Movement (YX2) Cuny'lative Movement (VYXZ)
Gnene aesy 2mres sesswae 1797 0.00 0.00 0.0 0.00 0.0 0.00 0.00 0.00
93/01/08 AERIAL 20%271.7% 565609 .27 18.13 -0.19  0.13 0.16 0.28 -0.19  0.13 0.1& 0.28
Target 19: 02 Type of Survey: AERIAL

Oate Survey Northing(Y) ft. €asting(X) ft. Elev.(2) fr. Relative Xovement (YX2) Cunulative Movement (YX2)

Coona mmin. 0727299 seweat.00  1ei6 000 0.00 0.00 0.0 000 €00 0.00 000
F3/0 %8 207222 0 $49621.08 14,3 -0.18  0.08 0.5 0.2% -0.78 0.08 0.1 0.25

ferget 1d: Tyt of Survey: AERIAL
MOrthingev) tt. La~twrgir) fr. Elev.(2) tt. Reiative Movement

91710719 207262.42 56%614.33 . 0 0.00 0.00 . 0.00 0.00
93701768 207262.2% 945614.50 . -0.17  0.17  0.30 R -0.17 0,17

Targetr f.:: Type of Survey: AERIAL
MoIthingiY) fr. Easting(X) ft. Elev.(Z) ft. Relative Movement Cumulacive Movement

2710719 AgriAL 291297.01 5965669.83 . .60 0.00 ©.0C .C 0.00 0.900
93701708 AERIAL 207278 .84 5¢566% .87 . -0.1%  0.06  0.03 . -0.15  0.04
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Armor Unit Target Movement Record From Aerial Surveys

East Kahului Breakwater, Hawaii

Target 1d: E2 Type of Survey: AERIAL

Date Survey MNorthing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumylative Movement (YXZ)

Covmoie semia a7z9ren | sesesvs7 | 1632 0.00 000 000 0.00  0.00 0.00 0.00 0.00
93/01/08 AERIAL 207297.86 565682.00 16.32 -0.13 0.03 0.00 0.13 -0.13  0.03 0.00 0.13
Target 1d: €3 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. £lev.(2) ft. Relative Movement (YX2) Cumulstive Movement (YX2)

Cout019 MR 20726788 SeseTs.Ts 1247 0.00 0.00 000 000  0.00 0.00 0.00 000
93701708 AERIAL 207287.77 565675.77 12.24 -0.11 0.02 0©.07 0.13 -0.11  @0.02 o0.07 0.13
Target t4: K1 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(2) fr. Relative Movement (VYX2) Cumulative Movement (YX2)

outose mewia wraese0  sesmasc | 1562 000 0.00 0.00 000 000 0.00 0.00 0.00
93/01/08 AERIAL 207265.55 565722.83 13.63 -0.05 -0.001 0.0 0.05 -6.05 -0.u1 0.00 0.05
Target Jd: F2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumuiative Movecent (YX2)

Cownune aia | wrnz2 | sesrsese | 849 000 0.00 0.00 000 000 0.00 0.00 000
93/01/08 AERIAL 07211 565732.38 8.46 -0.01 -0.01 -0.03 0.03 -0.01 -0.01 -0.03 0.03
Target 1d: F3 Type of Survey: AERIAL

Oate Survey Morthing(y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YXZ) Cumulative Movement (YX2)

Couone amia | ameos | ssTizse | 930 0.0 0.00 0.00 000  0.00 0.00 0.00 0.0
93/01/08 AERIAL 207259.09 565732.52 9.25 0.03 -0.04 -0.05 0.07 0.03 -0.064 -0.05 0.07
Target 1d: G1 Type of Survey: AERIAL

Date Survey  Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (YX2) Cumulative Movement (YX2)

Cvnene s a2 sesno.s 9.0 000 0.00 0.00 000 0.00 0.00 0.00 060
93/01/08 AERJAL 207222.09 565749.82 9.Mn 0.00 -0.05 0.01 0.05 0.00 -0.05 0.0V 0.05
Target I1d: G¢ Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YX2) Cumulative Movement (YX2)

o100 aRia armrs semsss w00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000
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Armor Unit Target Movement Record From Aerial Surveys

East Kahului Breakwater, Hawaii

Target 1d: G2 Type of Survey: AERIAL

Cate Survey  Morthing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YX2) Cumulative Movement (YX2)
Coumcs A 20722080 sesmsset 1055 0.0 000 0.0 O 0.01 000 0.05 a1
Targey 1d- G3 Type of Survey: AERIAL

bDate Survey Morthing(Y) fr. €asting(X) ft_. €lev.(2) ft. Relative Movement (Yx2) Cunstative Movement (YX7)
Courone aemia 20ma0ss sesmess | 9. 0.00 000 000 0.00 0.0 0.00 0.00 000

93/01/C8 AERIAL 207220.59 $65758.51 9.25 0.04 -0.07 -0.04 0.09 0.04 -0.07 -0.04 0.09
Target 1d: H1 Type cf Sufvey: AERIAL H
Date Survey  Werthing(Y) ft. Easting(a) ft. Elev,(Z) ft. Relative rPovement (TXZ) Cumilative Movement (YX2)
oo ama 20nsh21 | sessts sz 0.00 0.00 000 0.00 000 000 000 000

93/01/08 AERIAL 207058.36 565996.06 15.93 0.15 -0.10 0.1 0.1 0.15 -0.10 o.M 0.21
Target 1d: W2 Twpe of Survey: AERIAL

Oate Survey Morthing(Y) ft. Easting(X) ft. Elev.(2) ft. felative Movement (YX2) Cuaulative Movement (YX2)
oo aeaim 2070650 sesooe.st 1783 0.0 0.00 0.00  0.00 000 000 0.00 000

93/01/08 AfRIAL 207045 .14 S66006.22 12.90 0.10 -0.09 0.07 0.15 0.10 -0.0¢ 0.07 0.15
Target ld: M3 Type of Survey: AERIAL

Date Survey  Morthing(Y) ft. €satinma(X) ft. Elev.(Z) ft. Relative Movement (TX2) Cum;iative Movement (YX2)
Corrone aemn aommaes  seorel | 1543 000 0.00 000 000 000 000 000 000

93/01/08 AERIAL 207053 .G $£5007.53 15.23 0.13 -0.10 0,10 0.19 0.13 -0.13 0.10 0.19
Target 1q: i1 Tyot of Survey: AERIAL l
Date Sutvey  Morthisg(r) ft. festing(X) ft. Elev.(Z) ft. Relative Movement (YX2) Curulative Movement (YX2)
Co10/19 aem medsr sesimnie el 000 0.00 0.0 0.00 c0 0.00 000 000

93701708 AERIAL Par T T 5445180, 15 11.591 0.00 -0.06 -0.10 0.1 0.00 -0.04 -90.10 0.1
target 1d: 12 Type of Survey: AERIAL

Date Sutvey  RIrarg(T) . €astirg(Xy ft. Elev.(2) frt.  Relative Movewent (YXZ) Cusmulative ¥ovement (YX2)
oty AR zams 33 swwrrr 1n.0. 000 0.00 000 000 0.0 009 0.00 000

93701/08  AERIAL 2N L0 M6187.7¢ 16.97 0.01 -0.0t -0.07 0.07 0.01 -0.01 -0.07 0.07
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Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

Target [d:

91716219
93/01/08

Targer Id:

91710719
93/01/08

Target 1d:

91710719
93701708

Target 1d:

91710719
93701708

A8

13

Survey

AERIAL
AERTAL

A

Survey

AERIAL
AERITAL

32

Survey

AER[AL
AERTAL

43

survey

AERIAL
AERIAL

Type of Survey: AERIAL

Northing(Y) ft. Easting(X) ft.

206934 .45 566189.22
206934.43 566189.19

Elev.

15.

Type of Survey:

Northing(Y) ft. Easting(X) ft.

206882.38 566270.84
206882.86 566270.83

Elev.

Type of Survey:

Northing(Y) ft. Easting(X) ft.

206387 .36 566276.09
206887.23 $66276.13

Elev.

Type of Survey:

Rorthing(Y) ft. Easting(x) ft.

206881.75 566277 .32
206881.72 566277.32

Elev.

(2) ft.

.34

30

AERIAL

2y fr.

AERIAL

(Z) ft.

AERIAL

(2) fe.

Relative Movement (YX2) Cumulative Movement (YX2)

0.00 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00
-0.02 -0.03 -0,04 0.05 -0.02 -0.03 -0.04 0.05

Relative Movement (YX2) Cumulative Movement (YX2)

0.00 0.00 0.C2 0.00 0.00 0.00 0.00 0.00
-0.02 -0.01 -0.0/ 0.07 -0.02 -0.01 -0.07 g.07

Relative Movement (YX2) Cumnulative Movement (YXZ)

0.00 0.00 0.00 a.co 0.00 0.00 0.00 0.00
0.04 -0.04 0.14 -0.13 0.04 -0.04 0.14

Relative Movement (YXZ) Curmulative Movement (YX2)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-0.03 0.00 -0.04 0.05 -0.03 0.00 -0.04 0.05
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Armor Unit Target Movement Record From Aerial Surveys
Wast Kahului Breakwater, Hawaii

Target 1d: At
Survey

91/10/19  AERIAL
93701708 AERIAL

Target 1d: A2

Survey

Worthing(r) fr,

Northing(Y) ft,

Type of Survey: AERIAL

Easting(X) ft. Elev. (2) ft.
564375.09 4.53
564374.97 8.51

Type of Survey: AERIAL

Easting(X) ft.

Elev,(2) ft.

kelative Movement
0.00 0.00 0.20
-0.06 -0.12 -0.02

Relatise Movement

91/10/19  AERIAL
93701708 AERIAL

Target Id: A3

206986.92
20693689

Northing(y) ft.

S64378.3¢ 12.12
564378.20

Type of Survey: AERIAL

Easting(x) ft.

Elev.(2) ft.

.00 0.00 .00
-0.03 -C.14 0,04

Relative Movement

91710719 AERIAL
93701708 AERIAL

Target 1d: 81

206985.48
206985.46

Horthing(Y) ft,

S64372.57
564372.42

10.47
10.43

Type of Survey: AERIAL

Easting(x) ft.

Elev.(2) ft.

0.00
-0.15

0.00
-0.0¢

0.00
-0.02

Relative Movement

91710719 AERIAL
93701708 AERIAL

Target 1d: 82

Survey

207040.11
207060. 14

Northing(Y) ft.

S6L6B86.21 7.75
564486.33 7.84

Type of Survey: AERIAL

Easting(Xx) ft.

Elev.(2) ft.

0.00
0.03 0.12

Relative Movement

Culative
0.00 0.00
-0.04 -0.12
Cunulative
0.00 0.00
-0.03 -0.14
Curulative
0.06 0.00
-0.02 -0.1S
Cumulative
0.00 0.00
¢.03 0.12
Cumulative

Hovement (YXZ)
0.00 0.00
-0.02 0.13

Hovement (YXZ)
0.00 0.00
0.04 0.15

Kovement (YXZ)
0.00 0.00
-0.04 0.16

Movement (YXZ)
0.00 0.00
0.09 0.15

Movement (YX2}

91/10/19  AERIAL
93/01/08 AERIAL

Target 1d: 83

91/10/19  AERIAL
93/01/08 AERIAL

Target 1d: C1

Survey

N/10/19  AERIAL

207064.83
207064 .87

Northing(Y) fr.

207058.02
207058.06

Northing(Y) ft.

564491.49
564691.58

9.38
Type of Survey: AERIAL
Easting(x) ft.

564493.18
564493.30

Type of Survey: AERIAL

Easting(x) ft.

Elev.(2) ft.

Elev.(2) ft.

0.00
0.0%

Relative Movement

0.00
0.04

0.00
0.12

Relative Movement

(YXZ)

(YXZ)

0.10

Cunulative

Movement
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Armor Unit Target Movement Record From Aerial Surveys
Waest Kahului Breakwater, Hawaii

Terget 1d: C1

Type of Survey: AERIAL

Date Survey NWorthing(r) ft. Easting(X) ft. Elev.(2) *t. Relati1ve Kovement (YX2) Cumnulative Movement (YX2)
93/01/08 AERIAL 207111.51 564614.52 10.84 0.03 0.02 0.04 0.05 0.03 0.02 0.04 0.05
Target 'd: 2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movement (TXZ) Cumnuslative Movament (1X2)
91710719  AERIAL 207105.12 564407.89 16.75 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
93701706 AERIA'. 207105. 11 554607 .90 16.67 -9.01  0.01 -0.08 0.08 -0.01 0.01 -0.08 0.08
Target 1d: C3 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Hovemsnt (YX2) Cumilative Movement (YXZ)
91710719 AERIAL 20711409 $54603.90 12,14 0.00 0.60 0.60 0.00 0.00 0.00 0.00 0.00
93/01/08 AERIAL 207114.,05 564603.96 12.16 0.04 0.06 0,02 0.07 -0.04 0.06 0.02 0.07
Terget 1d: D1 Type of Survey: AERIAL

Date Survey NWorthing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Movemert (YX7) Tumylative Wovement (TX2)
91710719 AERIAL 207141,57 564698.16 11.70 0.0 0.¢0 ©C.00 0.co 0.00 0.00 0.00 0.00
93701708 AERIAL 207141.53 S645698.17 11.74 -0.0¢  0.01 0.04 0.06 0.04 0.07 0.04 0.06
Target 1d: D2 Type of Survey: AERIAL

Oate Survey MNorthing(Y) ft. Essting(X) ft. Elev.(2) ft. Relstive Movement (X1} Cumlative Kovement (¥X2)
91/10/19  AERIAL 207153.50 9646694,02 12.75 0.00 0.00 0.00 0.0v ¢.00 0.00 0.00 0.0
93/01/08 AERIAL 207153.42 5646Y4.02 12.78 -0.08 0.00 0.03 0.0% -0.08 0.00 0.03 0.09
Terget id: 03 Tvpe of Survey: AERIAL

Date Survey Korthing(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Kovement (YXZ) Cunylative Xovement (T1X2)
91710719 AERIAL 20714410 S64687.18 16.95 0.00 0.00 0.00 9.09 ¢.00 0.00 0.00 0.00
93701708 AERIAL 207144.06 564L687.20 16.95 -0.04 0.02 0.00 0.064 -0.06 0.02 0.00 0.04
target 1d; E1 Type of Survey: RERIAL

Date Survey Korthing(Y) ft. Easting(X) ft. Elev.(2) fr. Relative Movement (T1XZ) Cumylarive Koverent (YXZ)
91710719 AERIAL 207173 .46 $64787.89 16.12 0.30 0.60 0.00 0.00 0.60 0.0y 0.00 0.60
93701708 AERIAL 207173.35 566787.80 14.06 -0.1%  -0.09 -0.08 .16 -0 -0.09 -0.08 0.16

oo, e
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Armor Unit Target Movement Record From Aerial Surveys
Waest Kahului Breakwater, Hawaii

farget 1d: €2

Survey

Northing(Y) ft.

Type of Survey: AERIAL

Movement

21710719
93/01/08

AERIAL
AERIAL

larget Id: €3

Survey

91710719
93/01/08

AER[AL
AERIAL

Target 1d: £

Survey

€1/10/19
93701708

AERTAL
AERIAL

farget id: F2

Survey

91/710/19  AERIAL
93/01/08 AERIAL

Target 1d: F3

Survey

9171019
93/01/08

AERIAL
AERIAL
Target 1d: Gi

Survey

20718560
207185 .43

Northing(Y) ft.

207180.10
207179.97

Northing(Y) ft.

207148.73
207148.67

Korthing(Y) ft.

£asting(X) ft. Elev.(Z) ft.
564788.95 11.70
56478882 1.70

Type of Survey: AERIAL

Easting(X) ft. Elev.(2) ft.
SELTTT.56 12.12
566777.48 12.10

Type of Survey: AERIAL

Easting(X) ftr. Elev.(2) ft.
<64803_92 13.21
564803.79 13.17

Type of Survey: AERIAL

Relative Movement
¢.00 0.00 0.00
-0.17 -0.13  0.00

Relative Movement
0.00 0.00 0.00
-0.13 -0.08 -0.02

Relative Movement

-0.06 -0.13 -0.04

Hovement

Movement

207150.13
207150.07

Morthing(Y) ft.

207158.16
207158.10

Northing{(Y) ft.

Easting(X) ft. Elev.(2) ft_
564816.13 10.16
S564815.93 10.07

Type of Survey: AERIAL

Easting(X) ft. Elev. (2) ft.
564810.51 17.92
S64810.39 17.84

Type of Survey: AERIAL

Relative Novement
0.00 0.00 0.00
0.06 -0.20 -0.09

Relative Movement
0.00 0.00 0.00
-0.06 -0.12 -0.08

Cunulative
0.00 0.00
6.17 -0.13

Cumulative
0.00 0.00
0.13 -0.08

Cumulative
0.00 0.060
+0.06 -0.13

Cumlative
0.00 0.00
-0.06 -0.20

0.00

Moveme. it

Movement

91710719
93/01/08

AERIAL
AERIAL

Target 1d: G2

Survey

AERIAL

207100.48
207100.53

Horthing(Y) fr.

207098.30

Easting(X) ft. Elev.(2) ft.
564795.78 1113
564795.64 11,17

Type of Survey: AERIAL

€asting(x) ft.

$64805.43

Elev.(2) ft.

Relative Movement
0.00 0.00 0.00
0.05 -0.1¢ 0.04

Relative Movement

(YX2)

Cumulative
0.00 0.00
-0.06 -0.12
Cumnulative
0.00 0.00
0.05 -0.1%
Curulative

Movement
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Target 1d: G2
Survey
93/01/08 AERIAL
Target 1d: G3

Survey

91710719
93/01/08

AERIAL
AERIAL

Target Id: W1
Survey

91/10/19
93/01/08

AERTAL
AERTAL

Target ld: W2

91/10/19
93/01/08

AERIAL
AERIAL

Target Id: W3

Survey

91/10/9
73/01/08

AERIAL
AERIAL

Target 1d: 11t

Northing(T) tt.

Northing(Y) ft.

207107.88
207107.89

North.ng(Y) ft.

207044 .61
207044.76

Northing(Y) ft.

207035.78
207035.91

Northing(Y) ft.

207032.9?
207033.05

Armor Unit Target Movement Record From Aerial Surveys
Waest Kahului Broakwater, Hawaii

Type of Survey: ACRIAL
Easting(X) ft. Elev.(2) ft.
9.5
Type of Survey: AERIAL
Easting(X) ft. Elev.(2) ft.

564802.58
$64802.41

10.74
10.74

Type of Survey: AERIAL

Easting(X) ft. Etev.(2) fr.

Type of Survey: AERIAL
Easting(X) ft. Elev.(2) ft.

564744 .66

S64766.62 9.17
Type of Survey: AERIAL

Essting(X) ft. Elev.(2) ft.

S44TS6 .14
564756.05 12.98

Type of Survey: AERIAL

Reiative Movement

0.02 -0.19 0.03

Relative Hovement

0.00
0.00

0.00
0.01

0.00
-0.17

Relative Movement

Relative Movement
0.00 0.00 0.00
0.13 0.6~ 0.16

Relative Movement

(YX2)

0.1¢

Date Survey Nortaithg(Y) ft. Easting(X) ft. Elev.(2) ft. Relative Hovewent (YX2) CumJlative Movement (TXZ)
P3/01/08 eI 207032.86 5649249 8.05  0.00 0.00 0.0 0.00 000 000 0.0 000
Target 1d: 12 Type of Survey: AERIAL

Oate Survey Northing(v) ft. Easting(l) fr. Elev.(2) ft. Relative Movement (YX2) Cunulative Movement (Yx?)
/0108 AeRIN 20703131 seswrsz 675 0.00 .00 0.00 0.0  0.00 0.00 0.00 000
Targer Id: i3 Type of Survey: AERIAL

Rare Survey  Northing(r) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YX2) Curulative Movesment (YX1)
/0108 kemin 20702805 Sesss.a 605 0.00 0.00 0.00 000 0.0 0.00 0.00 0.00

T S

Cunulative Movement (YX2)
0.02 -0.19 0.03 0.19
Cumulative Movement (YX2)
0.00 0.00 0.CO 0.00
9.01 -0.17 0.00 0.17
Cumulative Movement (YXZ)
0.060 ¢.00 0.00 0.00
0.15 -0.06 0.17 0.23
Cumulative Movement (YX2)
0.00 0.00 0.00 0.00
0.13 -0,04 0.6 0.21

Cumylative

0.00
0.13

2.0
~0.09
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Armor Unit Target Movement Record From Aerial Surveys

Wast Kahului Breakwater, Hawaii

Target 1d: Jt Type of Survey: AERIAL

Date Survey  Horthing(Y) ft. Eesting(X) ft_ Elcv.(2) ft. Relative Movement (YX2) Cunulative Movement (YXZ)

91/10/19  AERIAL 206971.55 S64472.05 “&n 0.00 0.00 0.00 0.00 0.00 O.00 0.00 0.00

93/01/08 AERIAL 206971 .46 564471.91 &.76 -0.09 -0.%% 0.05 0.17 -0.09 -0.14 0.05 0.7

Target 1d: J2 Type of Survey: AERIAL

Date Survey Northing(Y) fr. Easting(X) ft. Etev.(2) ft. Relative Movement {T1XZ) Cumulstive Movement (YX2)
] B L I T I R DR I e i I A R R R Y B e R R IR A I P

91710719  AERIAL 206967 .35 $64L468.97 4.3 0.00 0.00 0.00 0.00 0.00 0,00 0.00 2.00

93741708  AERTAL 206967. 2 564468.89 &.40 -0.11 -0.08 .12 0.18 -0.11 -0.08 0.12 0.18

Target Id: J3 Type of Survey: AERIAL

Date Survey Northing(v) ft., Easting(X) fr. Elev.(2) ft. Relative Mavement (YX2) Cumulative Novement IYX2)

91710719  AERTAL 206972.14 5644606.39 .70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93701708 AERIAL 206972.00 564456.73 4.84 +0.16 -0.16 0.1 0.2% -0.16 -0.16 Q.14 0.25

ey
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Comparison of Ground and
Aerial Survey Data of Armor
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Appendix B Comparison of Ground and Asrial Survey Data
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Efevation Survey Points
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Appendix C
35-mm Photographs from April
1992 Helicopter Inspection

Appendix C 35-mm Photographs from April 1532 Helicopter Inspaction
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Figure C1. Aerial views of Kahului West breakwater showing locations of 35-mm Lo
photographs taken during April 1992 helicopter inspection D
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Appendix C 35-mun Photographs from April 1992 Helicopter Inspection




Appendix C

35-mm Photographs from April 1992 Halicopter Inspoction

Figure C2. Kahului West breakwater 35-mm photographs from April 1992, KW-3 to KW-6
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35-mm Photographs from April 1992 Helicopter Inspeztion
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36-mm Photographs from April 1992 Helicopter Inspection
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35-mm Photagraphs from April 1992 Helicopter Inspection

Figure C6. Kahuiui West breakwater 35-mm photographs from Aprii 1962, KW-10A to KW-15A
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Figure C7. Aerial view of Kahului East breakwater showing locations of 35-mm photographs taken

during April 1992 helicapter inspection
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phctographs from April 1992, KE-*9 to KE-22

Figure C8. Kahului East breakwater 35-mm

Appandix C 35-mm Photographs from April 1892 Helicopter inspectinn
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Appendix C

Kahul.ui East breakwater 35-mim photographs from April 1992, KE-31 to KE-34

Figure C11.

35-mm Photographs from April 1992 Helicojter Inspect:on
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Figure C14. Aerial view of Laupahoehoe breakwater showing locatons ¢f 35-mm photographs taken
during April 1992 inspection
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Figure C16. Laupahoehoe breakwater 35-mm photographs from April 1992, L-14A
and L-15A
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